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Abstract
Purpose—To prospectively examine the independent and joint effects of alcohol consumption
and cardiorespiratory fitness on the incidence of metabolic syndrome in a cohort of men.
Methods—A prospective examination of 3,411 apparently healthy men at baseline, who came to
the Cooper Clinic (Dallas, Texas) for at least 2 preventive visits (1979–2010). Primary exposure
variables were cardiorespiratory fitness and alcohol intake; the outcome measure was metabolic
syndrome (MetS) and the components thereof. Cox proportional hazard models were computed to
assess the relationship between the exposure variables and the incidence of MetS while adjusting
for confounders.
Results—Over a mean follow-up period of 9 years (SD=7.8), 276 men developed MetS. In
multivariable analysis, a dose-response relationship was observed between increased levels of
fitness and reduced MetS risk (moderate fitness: HR=0.60, 95%CI 0.43–0.82; high fitness:
HR=0.49, 95%CI 0.35–0.69). When examining the independent effects of alcohol, light drinking
increased the risk for MetS by 66% (HR=1.66, 95%CI 1.11–2.48). No statistically significant
interaction effect was observed between alcohol and fitness in relation to MetS (P = 0.32). When
assessing the relation between each exposure and the components of MetS, higher fitness
consistently reduced the risk of all components; whereas lower alcohol intake reduced the risk of
elevated glucose and blood pressure and increased the risk for low HDL-c.
Conclusions—Among this cohort of men, higher fitness levels reduced the risk for MetS and its
components. The relation between alcohol intake levels and metabolic risk was more complex and
not reflected when examining MetS as a whole.
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Metabolic syndrome (MetS) is defined by the American Heart Association/ National Heart,
Lung, and Blood Institute as a clustering of metabolic abnormalities, including elevated
plasma glucose, central obesity, dyslipidemia, and hypertension (6, 13). This constellation of
metabolic risk factors is associated with increased risk for developing type 2 diabetes and
cardiovascular diseases (CVD) (16), and once diabetes has developed, the risk for CVD
increases even further (13, 25). The age-adjusted prevalence of MetS in the U.S. is 24% in
men, with an increased prevalence with age (8). Physical activity and cardiorespiratory
fitness (fitness) have been linked independently to MetS. Higher levels of physical activity
and fitness increase insulin sensitivity, improve endothelial function, and are inversely
associated with MetS (12). For example, Ribisl et al., in a cross-sectional study, and
Hassinen et al., in a prospective cohort study, found a dose response effect between
increased fitness and a decrease in prevalence and incidence of MetS (14, 29). In
comparison to the inverse association between fitness and MetS, the direction of the alcohol-
MetS relationship has not been consistent; with some studies finding an inverse association
while others a positive or null association (2, 23, 30).
Though the independent effects of fitness and alcohol on MetS have been examined, the
combined impact has rarely been investigated. A number of studies have assessed the effects
of alcohol intake in conjunction with physical activity on type 2 diabetes and coronary heart
disease; finding moderate alcohol intake to be protective against these conditions while
controlling for physical activity and other lifestyle factors (e.g. weight and smoking status)
(17, 24). These studies, however, have not focused on MetS as an endpoint, and have
examined self-report physical activity, which might be subject to recall and information bias
(31). The effects of objectively measured fitness, a physiological consequence of physical
activity behavior (26), and alcohol on MetS have yet to be investigated. Hence in the current
study we investigate the effects of both fitness and alcohol consumption (independently and
jointly) on the incidence of MetS in a large cohort of healthy men.
METHODS
Design and Participants
We prospectively examined patients from the Cooper Clinic (Dallas, Texas), who were
enrolled in the Cooper Center Longitudinal Study (CCLS), to assess the associations
between fitness, alcohol intake, and the incidence of MetS. The CCLS, a continuation of the
Aerobics Center Longitudinal Study(3) with additional morbidity and mortality data, is an
ongoing cohort study aimed primarily at examining the health-promoting effects of physical
activity and cardiorespiratory fitness on cardiovascular health and longevity (7). The Cooper
Institute’s Institutional Review Board approves the CCLS annually; the current study
received exempt status from the Institutional Review Board of the University of Texas
Health Science Center at Houston. Participants were included in these analyses if they were
adult men, came to the Cooper Clinic for at least 2 preventive service visits between 1979
and 2010, and had complete measurements pertaining to the primary exposure variables
(i.e., fitness and alcohol intake), the outcomes (i.e., MetS and its components), and
covariates (e.g., smoking status). Of the 17,884 men meeting these inclusion criteria,
participants with prevalent or potential underlying diseases were excluded: 11,928 with
MetS or at least one of its components; 1,105 with abnormal ECG; 860 reporting a personal
history of cancer, myocardial infarction, or stroke; 442 who did not reach 85% of their
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maximal heart rate (220-age) on the treadmill test at baseline; and 138 men with <1 year of
follow up. These criteria resulted in 3,411 apparently healthy men, aged 20 – 79 years for
analysis, who were primarily non-Hispanic white (>95%) and well-educated.
Primary Exposure Variables
Cardiorespiratory fitness was measured using the modified-Balke protocol (18). In this
protocol, the treadmill speed is set at 88 meters/minute for 25 minutes. The treadmill’s
incline is set at 0% for the first minute, 2% for the second minute, and is followed by 1%
increases each minute up to 25 minutes. After the 25-minute juncture, the incline remains
constant and the speed is increased by 5.4 meters/minute each minute until the end of the
test. From the final treadmill speed and grade, which is highly correlated with maximal
oxygen uptake (28), we calculated maximal metabolic equivalents (METs) (1 MET = 3.5 ml
O2 uptake · kg body mass−1 · min−1). Participants were assigned to fitness categories based
on their age groups (20–39, 40–49, 50–59, and ≥60 years) and maximal METs from the
treadmill test. Quintiles of METs were determined for each age group. Men in the first
quintile within each age group were assigned to the low fitness category. Those in the
second and third quintiles were assigned to the moderate fitness category and those in the
fourth and fifth to high fitness strata.
Alcohol consumption was measured through responses to a medical history questionnaire,
asking participants how many times per week they consumed a 12-ounce (355 ml) beer, a 3-
ounce (89 ml) glass of wine, or a 1.5-ounce (44 ml) drink of hard liquor (33). Based on these
responses, participants were categorized into 1 of 4 mutually exclusive categories: 1)
nondrinkers, if not consuming alcohol; 2) light drinkers (≤3 drinks per week); 3) moderate
drinkers (>3 to 14 drinks per week); and 4) heavy drinkers (>14 drinks per week) (32, 33).
Primary Outcome Measures
MetS was defined as meeting 3 or more of the following 5 criteria measured during a
subsequent clinical examination: 1) elevated waist circumference ≥102 cm; 2) triglycerides
≥150 mg/dL; 3) low high-density lipoprotein cholesterol (HDL-c) <40 mg/dL; 4) blood
pressure ≥130 mm Hg systolic or ≥85 mm Hg diastolic; and 5) fasting glucose ≥100 mg/dL
(13). Trained staff measured blood pressure at the first and fifth Korotkoff sounds using
auscultation methods. Serum samples were analyzed for lipids and glucose using automated
bioassays based on the Centers for Disease Control and Prevention Lipid Standardization
Program. Waist circumference was measured at the umbilicus level with a tape measure. In
the analysis, MetS was a dichotomous variable (yes/no) and each component of the
syndrome (yes/no) was assessed independently using the criteria listed above.
Covariates
The covariates, selected based on the literature (18), were derived from responses to the
medical history questionnaire and adjusted for in multivariable analysis. Covariates included
age, smoking status (never, former, current), and family history of CVD (yes/no).
Additionally, the date (i.e., month and year) of the baseline clinic visit was ascertained for
each participant and adjusted for in the analysis. Furthermore, participants’ height and
weight, measured during the clinic visit, was utilized to calculate body mass index (BMI)
using the standard formula (kg/m2), which was controlled for in the analysis.
Statistical Analysis
The incidences of MetS and its components for cases were calculated as the follow-up
interval between the date of participants’ baseline visit (free of MetS and its components)
and the date of the next clinical visit in which the criteria for MetS and its components were
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met (18). The follow-up period for the non-cases was calculated as the difference between
the date of the baseline visit (free of MetS and its components) and the last clinic visit (also
free of MetS and its components). Incidence rates (per 10,000) were calculated as the
number of cases divided by the person years of exposure in cases and non-cases according to
fitness levels and alcohol intake. Cox proportional hazard models were computed to estimate
hazard ratios (HR) and 95% confidence intervals (CI) of MetS incidence according to fitness
(low, moderate, high) and alcohol intake (nondrinkers, low, moderate, heavy). Low fitness
and heavy alcohol intake, both detrimental to cardiometabolic risk, were utilized as the
reference categories. We assessed the proportional hazards assumption using the method of
Lin et al. based on cumulative sums of Martingale residuals (21). Four regression models
were computed for each exposure separately (i.e., fitness and alcohol) with MetS (yes/no) as
the outcome while adjusting for the following covariates: 1) age; 2) age, baseline
examination year, smoking status, and family history of CVD; 3) all variables in models 1
and 2 plus either fitness or alcohol intake; and 4) variables in model 3 plus BMI. Effect
modification was tested using the cross products of alcohol and fitness as the interaction
variable in the regression models. We used the Wald test to examine the linear and
quadratric trends across ordered levels of fitness and alcohol. Additionally, we assessed the
joint effects of alcohol and fitness on MetS incidence in the same model while controlling
for all covariates. We also examined the effects of the exposures (separately) on the
incidence of each of the 5 components of MetS, while adjusting for age, examination year,
smoking status, BMI, family history of CVD, and either alcohol intake or fitness. P values
were two sided with an alpha of 0.05. All statistical analysis was conducted using SAS
(version 9.2, SAS Institute, Cary, NC).
RESULTS
Of the 3,411 participants followed for a mean duration of 9 years (SD=7.8), 276 developed
MetS. At baseline, participants’ mean age was 42.3 (SD=8.6) years, they were of normal
weight (i.e., mean BMI=24.7, SD=2.3 kg/m2), and 87% were not current smokers. Their
estimated oxygen uptake at baseline was 46.2 mL/kg/minute (SD=7.3), and slightly less than
half (48%) were moderate drinkers. Baseline characteristics of participants, stratified by
drinking levels, are depicted in Table 1. Most notably, men who were heavy drinkers
smoked more and had higher total cholesterol and HDL-c levels than light drinkers.
The independent associations between fitness, alcohol intake, and the incidence and risk of
developing MetS appear in Table 2. The age-adjusted incidence rate of MetS decreased
linearly with the increase in fitness (P < 0.001), that is, the incidence rates per 10,000 person
years were 142.7 in the low fit, 97.7 in the moderately fit, and 62.9 in the high fit strata. A
similar relationship was found in multivariable analysis. There was a 40% reduced risk in
the moderately fit as compared to the reference group of the low fit (HR=0.60; 95%CI 0.43–
0.82) and a 51% reduced risk in the high fit strata (HR=0.49, 95%CI 0.35–0.69), while
controlling for age, examination year, smoking, BMI, family history of CVD, and alcohol
consumption. When examining the association between alcohol and MetS incidence, the
age-adjusted incidence rates per 10,000 person years were: 94.2 (non-drinkers), 89.5 (light
drinkers), 82.7 (moderate drinkers), and 110.1 (heavy drinkers); however, this U-shaped
curve was not statistically significant (curvilinear P = 0.52). In multivariable analysis, light
drinking in comparison to the reference category of heavy drinking increased the risk for
MetS by 66% (HR=1.66; 95%CI 1.11–2.48) after adjusting for fitness, BMI, and other
covariates. Additionally, the joints effects of both alcohol intake and fitness on MetS
(adjusted for potential confounders) appear in Table 3. The interaction between alcohol
intake and fitness in relation to MetS was not statistically significant (P = 0.32). Light and
non-drinking in the low fitness strata significantly increased the risk for MetS (HR=3.38,
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95%CI 1.56–7.28; HR=3.08, 95%CI 1.34–7.09, respectively); in the moderate and high
fitness strata these detrimental associations were not found.
In addition to examining the effects of alcohol intake and fitness on MetS, the effect of each
of these exposures on the 5 components of MetS was assessed (Table 4). A significant linear
relation was found between increased fitness and reduced risk for all metabolic components
with the exception of elevated blood pressure. When this relation was examined
categorically, both moderate and high fitness (in comparison to low fitness) significantly
reduced the risk for elevated waist circumference, elevated levels of triglycerides, and low
levels of HDL-c (e.g., for waist circumference: HR=0.57; 95%CI 0.42–0.78; HR=0.42
95%CI 0.29–0.61 in the moderate and high fitness strata, respectively). High fitness
significantly reduced the risk for elevated fasting glucose (HR=0.77; 95%CI 0.63–0.95),
whereas the association between moderate fitness and glucose (HR=0.83; 95%CI 0.68–1.02)
did not reach statistical significance (P = 0.07). Moderate and high fitness did not
significantly reduce the risk for elevated blood pressure.
In comparison to the fitness-MetS relationship, analyses with alcohol intake revealed
variability across MetS components in both the direction and the statistical significance of
the relationships (Table 4). Thus, significant and positive linear relationships were found
between alcohol consumption and risks for elevated blood pressure (P < 0.01) and high
glucose levels (P = 0.04), whereas for low HDL-c the relationship was significant and
negative (i.e., increased alcohol intake reduced the risk, P < 0.001). When examining these
relationships categorically (Table 4), low levels of alcohol consumption significantly
increased the risk for low HDL-c by 71% in comparison to high levels of alcohol intake
(HR=1.71, 95%CI 1.15–2.55). No statistically significant associations were found in
categorical analysis between alcohol intake, waist circumference, triglycerides, or blood
pressure.
DISCUSSION
Current study findings pertaining to the protective effects of fitness against MetS risk are
consistent with a large body of research, including a previous study examining this cohort
for a shorter duration (14, 18). This study expands upon the previous study by following this
cohort an additional 7 years, while assessing the effects of two primary behavioral exposures
on MetS and examining the impact on MetS components. Results emphasize the dose-
response effect between fitness and reduced metabolic risk (i.e., 40% and 57% reduced risk
in the moderate and high fitness strata respectively). Additionally, significant risk reductions
were observed in all MetS components, with the exception of blood pressure, which was
reduced (7% and 12% in the moderate and high fitness groups, respectively) without
statistical significance. Most studies to date (both prospective observational studies and
randomized controlled trials) have found higher levels of fitness to reduce hypertension
incidence (27). Higher levels of cardiorespiratory fitness are associated with reduced resting
heart rate, increased cardiac output, and reduced vascular resistance, all of which impact
blood pressure (22, 27). The impact of exercise interventions, aimed at reducing blood
pressure, is greater when the study population includes hypertensive patients (27). Hence,
the lack of a statistically significant association between fitness and blood pressure is most
probably due to the fact that participants in the present study were a normotensive sample
with little variation in their blood pressure.
When looking at the independent effect of alcohol on MetS incidence, current findings
indicate that higher levels of alcohol consumption were protective of MetS incidence. This
finding is in contradiction with a meta-analysis by Alkerwi et al. and other studies finding a
J-shape association; that is, lower, but not higher, levels of alcohol are protective against
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MetS (2, 5, 20) In contrast, both Freiberg et al., in a cross-sectional study, and Gigleux et al.,
in a cohort study, determined that higher levels of alcohol decrease the risk of MetS, which
is consistent with current findings (9, 10). In the present study, when assessing the impact of
alcohol on the various components of MetS, the direction of association varied. Thus, of the
3 components significantly associated with alcohol intake, lower alcohol consumption was
linked to the decreased risk of two (elevated blood pressure and glucose) and the increased
risk of one (low HDL-c). The stronger association between alcohol and HDL-c levels
appeared to have a paramount role in the alcohol-MetS association found in the current
results. The positive effects of alcohol intake on HDL-c is consistent with previous studies,
which found a dose-response relationship between increased alcohol and higher circulating
levels of HDL, even in excess of 21 drinks per week (1). Proposed biological mechanisms
for this association include increased transport rates of lipoprotein and lipoprotein lipase
activity (4).
Interpretation of the study’s findings should be tempered by its limitations. The sample
consists of mostly white well-educated participants, which limits our ability to generalize
findings to more diverse populations. This, however, enhances the study’s internal validity
by minimizing confounding based on the heterogeneity of the sample in terms of race/
ethnicity and socio-economic status. Additionally, though information was obtained on the
quantity of alcohol intake, drinking patterns (e.g., binge drinking), which also have
important health implications, were not assessed (23). Further, the nondrinking category in
the study included both current and lifetime abstainers who may have different cardio-
metabolic risks (19). As a result, the nondrinking category was not used as the reference
group and results pertaining to nondrinkers should be interpreted with caution. An additional
limitation to the study pertains to not accounting for participants’ medication use, an
inherent limitation of this dataset. This might have resulted in non-differential
misclassification of the outcome (i.e., MetS and its components). Therefore, the measures of
association presented might be ‘diluted’, that is, biased towards the null (11). Similarly,
sufficient dietary information on this sample was unavailable, thus hindering our ability to
control for dietary intake in multivariable analysis. Furthermore, though fitness is highly
correlated with physical activity, genetics make a significant contribution to aerobic capacity
(22). Despite these limitations, the study has significant strengths. To our knowledge this is
the first study to assess the combined effects of both fitness, a physiologic attribute of
physical activity, and alcohol consumption on MetS risk. Additionally, the large cohort of
patients free of CVD risk factors and a follow-up period is significant enough to assess the
effects of both exposures on MetS incidence. Moreover, the prospective cohort study design
enables calculating risk and determining a temporal relationship between exposures (fitness
and alcohol) and outcome (MetS), a criteria enroute to causality (15).
In summary, current study findings emphasize the independent protective effects of
cardiorespiratory fitness on the development of metabolic risk factors, irrespective of
alcohol intake. Achieving higher levels of cardiorespiratory fitness should be regarded as
preventive therapy in the reduction of risk for MetS and its components, and the subsequent
development of type 2 diabetes and CVD. The alcohol intake-MetS risk relationship appears
to be more complex: lower levels of alcohol intake are protective against elevated glucose
and blood pressure, whereas higher alcohol intake protects against low HDL-c. These
nuances are not reflected when assessing the effects of alcohol on MetS (as a whole) in this
cohort. Future research should continue to explore the joint effects of fitness (and/or
objectively measured physical activity) and alcohol intake (while taking into account both
quantity and patterns of drinking) on MetS risk in additional, more diverse samples of
healthy adults.
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H
az
ar
d 
ra
tio
s w
er
e 
ca
lc
ul
at
ed
 v
ia
 a
 C
ox
 p
ro
po
rti
on
al
 h
az
ar
d 
m
od
el
, w
hi
le
 a
dju
sti
ng
 fo
r a
ge
, e
xa
mi
na
tio
n y
ear
, sm
ok
ing
 st
atu
s, f
am
ily
 hi
sto
ry 
of 
car
dio
va
scu
lar
 di
sea
se,
 al
co
ho
l o
r f
itn
ess
 in
 re
spe
cti
ve
m
o
de
ls,
 a
nd
 B
M
I.
a E
le
va
te
d 
w
ai
st 
ci
rc
um
fe
re
nc
e:
 ≥
10
2 
cm
; 2
. E
le
va
te
d 
tri
gl
yc
er
id
es
 o
f ≥
15
0 
m
g/
dL
; 3
) L
ow
 H
DL
 ch
ole
ste
rol
 of
 <4
0 m
g/d
L;
 4)
 E
lev
ate
d b
loo
d p
res
su
re 
of 
≥1
30
 m
m 
Hg
 sy
sto
lic
 or
 ≥8
5 m
m 
Hg
 di
ast
oli
c; 
an
d
5) 
El
ev
ate
d f
ast
ing
 gl
uc
os
e ≥
10
0 m
g/d
L.
b A
ge
-s
pe
ci
fic
 c
ar
di
or
es
pi
ra
to
ry
 fi
tn
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s c
at
eg
or
ie
s w
er
e 
de
fin
ed
 b
y 
th
e 
ag
e-
sp
ec
ifi
c 
qu
in
til
e 
di
str
ib
ut
io
n 
of
 M
ET
s f
or
 th
is 
sa
m
pl
e 
of
 m
en
 in
 th
e 
Co
op
er
 C
en
te
r L
on
gi
tu
di
na
l S
tu
dy
 u
til
iz
in
g 
th
e 
fo
llo
w
in
g 
ag
e
gr
ou
ps
: 2
0–
39
, 4
0–
49
, 5
0–
59
, a
nd
 ≥
60
 y
ea
rs
. L
ow
 fi
tn
es
s r
ep
re
se
nt
s q
ui
nt
ile
 1
 o
f t
he
 ag
e-
sp
ec
ifi
c f
itn
es
s d
ist
rib
ut
io
n,
 m
od
er
at
e f
itn
es
s i
s q
ui
nt
ile
s 2
 an
d 
3 
of
 th
e d
ist
rib
ut
io
n,
 an
d 
hi
gh
 fi
tn
es
s i
s c
om
pr
ise
d 
of
qu
in
til
es
 4
 a
nd
 5
.
c A
lc
oh
ol
 in
ta
ke
 c
at
eg
or
ie
s c
on
sis
te
d 
of
 e
ith
er
 ‘n
on
dr
in
ke
rs
’ o
r t
o 
on
e 
of
 th
e 
fo
llo
w
in
g 
ca
te
go
rie
s: 
(1)
 ‘l
igh
t d
rin
ke
r’ 
(≤
3 d
rin
ks
 pe
r w
ee
k);
 (2
) ‘
mo
de
rat
e d
rin
ke
r’ 
(>
3 t
o 1
4 d
rin
ks
 pe
r w
ee
k);
 an
d (
3) 
‘he
av
y
dr
in
ke
r’ 
(>
14
 dr
ink
s p
er 
we
ek
).
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